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Seismic velocities and geologic logs from borehole measurements
at eight strong-motion stations that recorded the

1989 Loma Prieta, California, earthquake
by

Gibbs, James F., Thomas E. Fumal, and Thomas J. Powers

INTRODUCTION

The Loma Prieta earthquake of October 17, 1989 (1704 PST) was recorded at 131
strong-motion stations located through-out the San Francisco Bay area (Maley et al., 1989,
Shakal, et al., 1989). This data set has enormous value for engineering and seismologi-
cal studies regarding earthquake ground motions. Using shaking-damage to man-made
structures from the 1906 San Francisco earthquake, Lawson (1908) recognized that ground
motion intensity could be correlated with differences in local site geology. In order to
quantify the effect of local geology (e.g., Borcherdt, 1970; Borcherdt and Gibbs, 1976)
on ground motions from the 1989 earthquake, detailed geologic and geophysical data are
needed. To plan the acquisition of these data a meeting was held on July 6, 1990 at
the USGS in Menlo Park, California. Eighteen scientist and engineers representing thir-
teen institutions attended the meeting to coordinate drilling and data aquisition plans at
strong-motion stations.

This is the second of a planned series of four reports (Gibbs et al., 1992) detailing the
results of borehole measurements at strong-motion stations recording significant ground
motions during the 1989 Loma Prieta earthquake. This report contains the results of
the field effort by the USGS for the following eight boreholes located near strong-motion
stations operated by the California Division of Mines and Geology. (Figure 1).
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Figure 1. Regional map showing the locations of boreholes (solid circles) included in

this report.



FIELD MEASUREMENTS
Drilling and Sampling Procedures

Boreholes were located as close as possible to the strong motion accelerographs usually
within 10 meters. In the case of Oakland 2-Story office building site, the borehole was
located in Snow Park about 150-200 meters from the instrument location. The Presidio
borehole is located approximately 100 meters from the strong-motion instrument.

At each site a hole approximately 6 to 10 inches in diameter was drilled using rotary
wash drilling with bentonite mud. For purposes of ecomony, samples were not taken in any
of the boreholes except for Oakland 2-Story (Snow Park). At this site seven “Undisturbed”
samples were taken inside Shelby tubes (3-inch outside diameter) using a Pitcher barrel.
These samples were allowed to drain of free water and sealed with wax plugs and endcaps.
These samples were sent to Jonathan Bray at Purdue University for testing. The borings
at Woodsite Fire Station and Gilroy #7 were cased 3-inch inside diameter, class 200,
polyvinyl-chloride pipe capped at the bottom. APEEL #1 and APEEL #2 were cased
with 4-inch pipe and the other sites were cased with 5-inch inside diameter pipe.

The annular space around the casing was tremie grouted by pumping a water-cement-
bentonite mixture through a 1-inch steel pipe installed next to the casing. This provides
good coupling between the casing and the wall of the borehole, and provides a sanitary seal
preventing contamination of ground water. Grouting was done in stages of about 50-G0
meters to prevent collapse of the casing. The California Division of Mines and Geology
plans to install a strong-motion instrument package at the bottom of each 5-inch hole to
supplement surface recordings.

Geologic Logs

Geologic logs are based on descriptions of drill cuttings, samples, reaction of the
drill rig, and inspection of nearby outcrops. Sediment samples are described using the
field techniques of the Soil Conservation Service (1951). Descriptions include sediment
texture, color, and the amount and size of coarse fragments. Texture refers to the relative
proportions of clay, silt, and sand particles less than 2 millimeters in diameter. This is
determined visually and by feel without using laboratory tests. As such, this system is

easier to use in the field than other classification systems. The dominant color of the
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sediment and prominent mottles are determined from the Munsell soil color charts.

Descriptions of rock samples include rock name, weathering condition, color, grain
size, hardness, and fracture spacing. Classifications of rock hardness and fracture spacing
are those used by Ellen et al., (1972) in describing hillside materials in San Mateo County,
California.

Most information needed for describing relatively well-sorted soils and such properties
of rock as lithology, color, and hardness are readily obtained from cuttings. Inspection of
samples and nearby outcrops is necessary for determining the nature of poorly-sorted ma-
terials and fracture spacing. Reaction of the drill rig is useful in determining approximate
sediment texture and in determining degree of fracturing because the rate of penetration
in rock is highest for very closely fractured and crushed materials and drilling roughness
generally is at a maximum in closely to moderately fractured rock. In-situ consistency
of soil is determined largely from standard penetration measurements and rate of drill
penetration.

Site Geology

Four sites, APEEL #1, APEEL #2 (Portside Park), Oakland 2-Story (Snow Park)
and Palo Alto 2-Story are located near the margin of San Francisco Bay on thick sections
of Holocene and Pliestocene estuarine and alluvial sedimentary deposits. These deposits
consist largely of fine-grained sediments with occasional thick layers of sand and/or gravelly
sand. Two of the boreholes were drilled into the underlying bedrock. At APEEL #1,
serpentinite was encountered at 188.5 meters (618 feet) and at APEEL #2, greywacke
sandstone of the Franciscan assembladge was encountered at 84.7 meters (278 feet).

The geology at Gilroy #7 consists of 17.4 meters (57 feet) of poorly sorted gravelly
clay and sandy clay alluvium overlying hard Tertiary shale and sandstone. Two sites
are underlain by bedrock. The Presidio site is underlain by serpentinite. Woodside Fire
Station is underlain by firm to hard sandstone and mudstone which may be a part of the
Butano sandstone. The strong motion instrument at Corralitos sits on 32 meters (105
feet) landslide deposits consisting of very closely fractured black shale. Major slide planes
apparently were encountered at 15 meters (50 feet) and 32 meters (105 feet). The landslide

deposits are underlain by sandstone which is probably part of the Purisima formation.
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Cracks in the road above the site suggest that the landslide may have moved slightly
during the earthquake.
Travel-time Data

Shear waves* were generated at the ground surface by an air-powered horizontal ham-
mer (Liu, et al., 1988) striking anvils attached to the ends of a 2.3-meter-long aluminum
channel. The hammer can be driven in both horizontal directions to generate positive
and negative shear pulses. The switch that determines zero time is a piezo-electric sensor
attached to the shear source. The source is offset from the borehole to prevent the direct
arrival from traveling down the grout next to the casing. The source offset is 2 to 5 meters
depending on the depth of the borehole. Shallow holes (30 meters or less) are generally
offset 2 meters, while boreholes deeper than approximately 100 meters are offset 5 meters.
Travel times are corrected (for slant offset) to vertical by the cosine of the angle of ray
incidence.

P-waves are made by striking a steel plate with a sledge hammer at the same intervals
described above. The recorder is triggered by the sledge hammer making electrical contact
with the steel plate.

Measurements are made by lowering a single three-component geophone into the bore-
hole and clamping it to the casing-wall with an electrically actuated lever arm. A second
three-component geophone is placed at the surface approximately 30 centimeters from the
shear source and is used as a check of the switch triggering the recorder for zero time. De-
pending on geologic information, measurements are répeated at 2.5 or 5.0 meter intervals.
The 2.5 meter spacing is used when the layering of the sediments is thin (under 10 meters)
and generally from the surface to 30 meters depth.

The data are recorded on magnetic tape cassettes in digital form on a twelve channel
recording system.

DATA INTERPRETATION and PROCESSING
The flow-chart, Figure 2, describes the processing and interpretation proceedures. The

magnetic tape cassette contains 18 recorded traces from each depth. These include data

* In this report sflear-wave(s) and S-wave are used interchangeably as well as P-wave
and compressional-wave.



READ DATA
FROM MAG
IAPE T0 PC

COMBINE ASC1l
FILE AND
CONTROL FILE

PLOT DATA

IDENTIFY
PROBLEM
(CORRECT)

CHOOSE LAYERS
FROM
GEOLOGIC LOG

N

ROTATE
HORIZONTAL
TRACES

PLOT PICKS

LEAST-SQUARES
FI1T 70 DATA
PICKS
CHANGE
LAYERS
oK

PLOT GRAPHS
RECORD SECTIONS
TIME-DEPTH

VELOCITY MODELS

VELOCITY TABLES

Figure 2. Flow-chart outlining the data processing and interpretation steps.




from the surface three component geophone and the downhole three-component geophone:
A total of 6 traces for each source type (positive horizontal, negative horizontal, and

vertical). As mentioned previously, the surface geophone is used only to check timing.

The orientation of the downhole geophone cannot be controlled when moving from
one depth to the next, so that horizontal components are not generally oriented parallel
and perpendicular to the source. This causes slight phase shifts, timing differences and
amplitude variations. To minimize these effects, when timing shear-wave arrivals, the hor-
izontal components are combined (rotated) to obtain a single component of motion. The
direction of motion is determined by maximizing the integral square amplitude within a
time interval containing the shear wave (Boatwright et al., 1986). Rotated traces are plot-
ted on a 20-inch computer monitor and the first shear-wave arrival is timed for each of
the horizontal rotated traces. Two arrival times are obtained from picks of positive and
negative shear-wave arrivals. Timing of the arrivals is done to one millisecond precision.
The two time-picks are not always identical, due to interfering waves obscuring the first
shear-arrival, slight phase shifts, or amplitude differences. If the time difference is greater
than about 5 milliseconds a mistake in phase correlation (perhaps due to a reversed trace,
noise etc.) can be suspected and a repick may be necessary. The two picks are aver-
aged for velocity determinations. On clear traces one-millisecond picking accuracy can be
maintained; however, because of lower signal-to-noise ratios and interfering waves in the
deeper sections of the boreholes, this accuracy cannot always be achieved. The arrivals
are weighted by the inverse of an assigned normalized variance. A normalized standard
deviation of 1 was assigned to the accurate picks and values ranging up to 5 were assigned

to the others.

For determining the final velocity model there are a number of ways to proceed. In
previous reports ( e.g., Gibbs et al., 1975) we determined the initial layer boundaries
from the travel time plots by eye and then added or subtracted layers based on geologic
boundaries consistent with the data. We also required at least three data points in each
layer. This requirement limited the velocity determination to layers greater than 7.5 meters
in thickness. The problem with this proceedure is that a mismatch (overlap or underlap)

of the line segments sometimes occurred at the intersections of the layers, resulting in a
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discontinuous travel time curve. To address this problem we are now using a least-squares
program (Press et al., 1986) that fits the travel time data with line segments hinged
at each selected layer boundary from the surface (forced through zero) to the bottom
data point. Initial layer boundaries are chosen from the geologic log and are adjusted,
if necessary, to reduce residuals and for consistency with the data. The S-wave travel
time data are analyzed first; layer boundaries are initially the same for the P-wave model,
and are then adjusted, if necessary, by adding a layer for the water table or reducing the
number of layers. The velocity plots (e.g., Figure 13) show upper and lower bounds which
approximate 68% confidence limits. These bounds are not symmetrical because they are
based on the standard deviation of the slope of the least-squares line fit to the travel time
plots (the inverse of the velocity).
SUMMARY OF RESULTS

S-wave velocities

Figure 3 summarizes S-wave velocities at four sites; Palo Alto 2-Story, Oakland 2-
Story (Snow Park), APEEL #2 and at APEEL #1 to a depth of 120 meters. The S-
wave velocities are similar in the upper 50 meters at Palo Alto 2-Story, APEEL #1, and
APEEL #2. Oakland 2-Story has somewhat higher velocities due in part to the gravelly
layers at 15 and 28 meters. Velocities shown on Figure 3 are similiar to those reported
earlier (Gibbs et al., 1992) for San Francisco Airport, Treasure Island, Alameda Naval Air
Station, and Oakland Outer Harbor Wharf, typical of mixtures of young clay-loam-sand
near the margins of San Francisco Bay. At APEEL #2 bedrock (Franciscan Graywacke)
was penetrated in the borehole at 85 meters. Unfortunately, we were unable to interpret
a bedrock velocity due to poor transmission of energy across the sedimentary-bedrock
boundary.

Figure 4 summarizes S-wave velocities at Gilroy #7, Corralitos, Woodside Fire Sta-
tion, and at the Presidio. The S-wave velocity below 6 meters are near 600 meters/second
at Corralitos, Woodside Fire Station, Presidio and Gilroy #7 at a depth below 16 meters.
Lower velocities occur at Corralitos and Woodside Fire Station at 15 and 24 meters re-
spectively. The velocities shown on Figure 4 are generally higher than those of Figure 3

which are closer to the Bay margins.
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velocities shown here are generally lower than those of Figure 4.
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P-wave velocities

Figures 5 and 6 summarizes the P-wave velocities at four sites near the margins of San
Francisco Bay and at four sites further inland respectively. There is a poorer correlation
between P-wave velocity and lithology than S-wave velocity and lithology because P-wave
velocity is strongly affected by degree of saturation. Note that even though saturated, the
P-wave velocities measured in the Holocene bay mud are less than the velocity of P-waves
in water (= 1500 meters/second). The explanation for this may be that the presence
of trapped gas (Brandt, 1960) has reduced the P-wave velocity (e.g. air, methane from
decaying organic matter).

The appendix lists the detailed results, organized alphabetically by borehole. Figures

and tables for each site are arranged in the following order:

location map
geologic log
record sections
time-depth graph
velocity profiles
velocity tables

IR ol
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SITE: APEEL #1 (KGEI) DATE: 5/1/91
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21\ (some fine gravel), some shells

o
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CLAY (BAY MUD), ok grey (5Y 4/1), very soft
41 dk grey
51 “very dk greenish grey (5G 3/1)

20 67
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0 | very dk greenish grey (5GY 3/1), silty
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34 dk greenish grey (5G 4/1)
33
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Figure 9. Geologic log for APEEL #1 borehole. 19



SITE: APEEL #! (KGEI)

DATE:

5/1/91

BLOWS/
FOOT

SAMPLE
TYPE
GRAPHIC
LOG

DEPTH
(ft)
(m)

DESCRIPTION

150 4.
47-

46-

160 0

50
54

170 524
53
54
180 55-
56
57

190 554
594
60

—210 647

52067

200 6+
624
63

65
66

very dk greenish grey (5G 3/1), silty,

dk greenish grey (5G 4/1), very stiff

very dk greenish grey (5G 3/1), soft

FINE GRAVEL AND SHELLS
CLAY, dk greenish grey, very stiff

softer

stiffer

very stiff

softer

SAND, fine to coarse grained

soft

Figure 9. (Continued).
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SITE: APEEL #1 (KGEI) DATE: &/1/91

SAMPLE
GRAPHIC
LOG

TYPE

DEPTH
(ft)
(m)

DESCRIPTION

BLOWS/
FOOT

- el GRAVELLY SAND

(2] [»] i 250 76_
B SAND, fine to coarse grained (moderately well sorted)

260741
I 80-

81
27054
i 831
84-
i 854
—280
t 86
871 CLAY, dk greenish grey, stiff
88
89
90+

290

300 %1 CLAY LOAM, olive (5Y 5/4)

824
83

944

1310 ;| brownish yellow (10YR 6/6) to yellowish brown (10YR 5/4)

96

+

—320

971

96

99

100-
330

Figure 9. (Continued). 21 Page 3 of 6




SITE: APEEL #1 (KGEI)

DATE:

5/1/91

BLOWS/
FooT

SAMPLE
TYPE

GRAPHIC
LOG

DEPTH
(ft)
(m)

DESCRIPTION

105+

106+

173900/

108+
109

;360110-

1

1124

370 434

114

154

"380 116

117
118

-

390119

120

121

400221

1231
124

410 1254

126

1271

—4 2026+
129+

1304

43013+

132
133

4 40347

GRAVELLY SAND, dk greyish brown

CLAY, dk greenish grey, very stiff

GRAVELLY SAND
CLAY, olive grey (5Y 4/2), very stiff

olive (5Y 5/3)

Figure 9. (Continued).
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SITE: APEEL #1 (KGEI) DATE: 5/1/6t

BLOWS/
FooT
SAMPLE
TYPE
GRAPHIC
LOG

DESCRIPTION

SAND, some gravel, dense

CLAY LOAM, It olive brown (2.5Y 5/4), very stiff

142+

L4704

144+

1454

i 46
48({47_ olive brown (2.5Y 4/4), sandy

L 1484

CLAY, very stiff
AND, yellowish brown (10YR 5/4), very dense

GRAVELLY SAND, poorly sorted

CLAY, very stiff

+ 584 SAND, some gravel, dense

1591 CLAY, very stiff

30 adk greenish grey, firm

A

0b obt _ 171 GRAVELLY SAND, dk yellowish brown (10YR 5/4), poorly sorted
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Figure 9. (Continued).



SITE: APEEL #! (KGEI)

DATE: &/1/91

&)
~ Wi —
e | 2w |2 =
S5 |SE 120 52E
-1 — —
BL |o- |62 |6 DESCRIPTION
) =4
55T 25055
0007 stiffer
O 5O 5OF 1691\_
o000 f yellowish brown
o5 560
©0.00 171
6@ o9 173
© 050 0570,
00001 .
OODQOO"?O" 175
0001t 176
Do .90—580177.
Cp OO0 ¢
OOoO DO_ 176
o0+
o Bo So, 179
22224580801 SAND, poorly sorted
t 181
I 182
—B 0083
L 184
| 185
—610 1864 , .
. SANDY LOAM, It olive brown (2.5Y 5/86), some dk brown fine gravel
187
i 188
s s s-B20se| SERPENTINITE (FRANCISCAN FORMATION), pale green (56 6/2)
s AL to greyish green (5G 5/2) ,
AR S
RN 194
‘ss ‘ss ‘ss'
19.
(5 s s[B30mA
0 AE e
$ . $5$ ‘55' 104
‘,S ‘,s “5-—64095‘ sheared, hard
‘SS ‘ss SSS: 196
8T 197
RS RE | i
$ 78 s 65096
RERE R .
s.°8 st %7 narder
$5$ ‘SS $SS- 200-
2525 M gpopor

24
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Figure 9. (Continued).
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\
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\ \
60 My NI NN NN A

e I AU RV VA

APEEL #1

Depth (m)

Figure 10. Record section showing the “Away” horizontal components. Records have
been 50 Hz low-pass filtered. Because of better signal-to-noise ratios, the shear arrivals
(shown by the accent marks) were picked from these components only. The “Toward”
records are shown on the next figure.
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Depth (m)
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40 |
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Time (sec) S-WAVE Time (sec)
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N—/WM
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VIR L ey BN AN S oW
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APEEL #1

Figure 10. (Continued). Record section showing the “Toward” components. The noise

level is higher on these records compared to the “Away” components. Because of the noise
the shear arrivals were not pickable from the deeper traces and velocities were determined
using the “Away” components only.
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Figure 11. Vertical component record section. P-wave arrivals are shown by the solid
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_ Figure 12. Time-depth graph of P-wave and S-wave picks. Line segments show the
hinged-least-squares fit to the data points.
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Depth (meters)

S Velocity (m/sec)

o Y B S ) J L1 2 1 Lol 1 l i 1 l Ll 1 J i JJJJ CIROY TTAW
- - CLAY (BAY MUDJ, very soft
- o
b
d -
= - CLAY (OLDER BAY MUD), very stitt
50 . — FINE GRAVEL AND SHELLS
- 8 SAND
] [ CLAY
- o
LAY LOAM
100 . o —
1, -
j ; ! i '5‘"‘*"‘,0,,0 GRAVELLY SAND
N LAY
- HE -
fh
-t v -
HH
125 Ht N
N
-t o, -
: ]
- odd T - SAND
- v - l:m LOAM
. : ' S
ol
1 50 = v — SAND
- H ! L s
< ik s CLay
B
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. 0000
175 ] : — :°B°°Bq
y H - SAND
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L>ivo o SERPENTIN F AN
LI St A SN M A B R Bt R B A A AL B A AN B BN BN AN B [ R B . ‘4‘ E(EJRM%TIANI)TE (FRANCISC

APEEL #1

A
ARRY]
0

Figure 13. S-wave velocity profiles with dashed lines representing plus and minus one
standard deviation. The statistics are done on the slope Sreciprocal velocity) so that some
of the limits will not appear symmetrical. Simplified geologic log is shown for correlation
with velocities.
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Figure 14. P-wave velocity profiles with dashed lines representing plus and minus one
standard deviation. The statistics are done on the slope (reciprocal velocity) so that some
of the limits will not appear symmetrical. Simplified geologic log is shown for correlation
with velocities.
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UNITED STATES SAN MATEO QUADRANGLE

DEPARTMENT OF THE INTERIOR CALIFORNIA-SAN MATEO CO.
GEOLOGICAL SURVEY 7.5 MINUTE SERIES (TOPOGRAPHIC)
AN
3 s g =, G F_exOBY — _ _~— -

3\~ ORatio Towers ~ -~ —

SCALE 1:24 000
0

1 i 1 MILE

1000 0 1000 2000 3000 4000 5000 6000 7000 FEET
[=ow = an — Smm—— e ee— e — e— - S ——
1 5 0 1 KILOMETER

= —————————————————————————

Figure 15. Site location map for APEEL #2 (Portside Park).
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Definitions of terms used for descriptions of sedimentary deposits and bedrock materials

Rock hardness: response to hand and geologic Texture: the relative proportions of clay, silt, and
hammer: (Elien et al.,, 1972) sand below 2mm. Proportions of larger particles are

indicated by modifiers of textural class names.
thard - hammer bounces off with solid sound Determination is made in the field mainly by feeling
firm - hammer dents with thud, pick point dents or the moist soit (Soil Survey, Staff, 1951).

penetrates slightly
soft - pick points penetrates
{riable material can be crumbled into individual grains
by hand.

Fracture spacing: (Ellen et al., 1872)

E 0-1 0-1/2 v. close
i 1-5 1/2-2 close "
n 5-30 2-12 moderate "
30-100 | 12-36 | wide ||
v. wide

b en—
PERCENT BAND

Weathering:
Fresh: no visible signs of weathering
Slight: no visible decomposition of minerals, slight Color: Standard Munsell color names are given for
discoloration the dominant color of the moist soil and for
Moderate: slight decomposition of minerals and dis- prominent mottles.
integration of rock, deep and thorough dis-
coloration
Deep: extensive decomposition of minerals and
complete disintegration of rock but original Types of samples

structure is preserved.
SP - Standard Penetration 1+ 3/8 in in ID sampler)

S - Thin-wall push sampler

Relative density of sand and consistenci of clay is O - Osterberg fixed-piston sampler
correlated with penetration resistance: (Terzaghi and P - Pitcher Barrel sampler
Peck, 1948) CH - California Penetration (2 in ID sampler)

DC - Diamond Core

relative

density

v. loose

loose

i 10-30 medium | 4-8 medium

30-50 dense 8-15 stiff “
>50 v. dense | 15-30 v. stiff “
| hard

Figure 16. Explanation of geologic log for APEEL #2 (Portside Park).
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SITE: APEEL #2 (PORTSIDE PARK) DATE: 4/24/91

(0]
) pr T T
z - o ul o —
S8 |25 |28 |LEE
-J e g
BL |37 |5S |8 DESCRIPTION
F—=T 0 VERY GRAVELLY, CLAY LOAM (fil), dk brown (7SYR 3/4)

pm e e i -

24 CLAY, very dark greenish grey (5GY 3/1), very soft (HOLOCENE
ESTUARINE DEPOSITS)

44 CLAY, dark greenish grey (5GY 4/1), very soft

| 39 ¢ ORGANIC-RICH CLAY, dk greenish-grey (5GY 4/1), soft
,o_h\SAND, dark greenish grey, very fine to fine grained

1

'''''' 40 2 SANDY CLAY, light olive brown (2.5Y 5/4), stiff (LATE
PLEISTOCENE ALLUVIUM AND ESTUARINE DEPOSITS)

—_— e - - —

- o= e e = e b

13+

-—— - - —

14-

Lo m stiffer

e

'67 CLAY, olive (5Y 4/3) to olive grey (5Y 4/2), stiff

18
0
19

olive grey

204

2H

70

22

23

olive grey mottled olive

244

25

26

27

0 ,e| greenish grey (56 5/1), stiff

29

04

3
100

Figure 17. Geologic log for APEEL #2. 35 Page 1 0f 4




SITE: APEEL #2 (PORTSIDE PARK)

DATE: 4/24/91

~ " 2
w - I I
T+ | Cw | & —
58|2s |28 |uZE
L |o- |62 |87~ DESCRIPTION
100
3K
it | 321 CLAY TO CLAY LOAM, brown (10YR 5/3)
- — = 33-
a0 .1 FINE GRAVELLY SAND
— 35_\FINE SANDY CLAY LOAM, dark yellowish brown (10YR 4/4), stiff
36+
120 grading to
371
LAY, greenish grey (5GY 4/1)
36-
s S e 0 .0 FINE GRAVELLY SAND, mixed greenish grey, dark brown, and olive
° .. o‘ .. -o. ... 394 brown
-1 130 0. CLAY LOAM, dark greyish brown (2.5Y 4/2)
B
R 424
""""" | 140 431 CLAY LOAM, dark greyish brown (2.5Y 4/2) to olive brown (2.5Y
|- ] | s 4/4), poorly sorted (some fine gravel), very stiff
elteetied 45-
— =] CLAY LOAM, olive brown (2.5Y 4/4), poorly sorted
— — —-— N 150 46_
::}'_" 471
— -7 46-
180 4o CLAY, dark yellowish brown (10YR 4/4)
50
CLAY, dark yellowish brown (10YR 4/6)
_ CLAY LOAM, strong brown (7.5YR 4/6)
c—-—c T 574
PRE— GRAVEL, dark brown, poorly sorted
o 9 o "190 584
0 0 O }
o o o 594
(=} (=) (=)
o o 60
o _© o I
200

Figure 17. (Continued).
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SITE: APEEL #2 (PORTSIDE PARK) DATE: 4/24/91

| I
T

66

69+

—o> v 230707

o So fc- 74

Cp OO0t 724
KD o) o)

24073

74

754

OV ov 25076-

CpO0T 774
o :O‘:O-

784

260777

i 80

81

27057

300

'S)
~ i —
wn -l xI I
T law |a - —
58|3¢ |53 acs
ow|un |03 o DESCRIPTION
=== 7 200 6 AV L0AM, dark brown (7.5YR 474)
AR * 62
_—.__:;:: 63
1210 64
iyt | N
_ [ 66-

CLAY, very stiff

SANDY GRAVEL, brown

CLAY, very stiff

SANDY GRAVEL, very dense

SANDY CLAY LOAM, very dense, some gravel lenses

SAND

s3] TBRAVELLY SAND, yellowish brown (10YR 5/6)

GREYWACKE, greenish grey (5G 5/1), very closely fractured

dk greenish grey (5G 5/1), very hard

Figure 17. (Continued).
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